| Chapter 5

Piagetian Structures
and Psychological
Constructivism

Toward the end of the first decade of the twentieth century, Jean Piaget
(1896-1980), a Swiss, was offered a full-time post as scientific curator of a
museum collection of mollusks, on the basis of some papers he had pub-
lished on the subject. He declined, on the grounds of age—he was still
a secondary-school student! Thus began the career of the world's most
eminent developmental psychologist, a man whose work has exerted ex-
traordinary influence on contemporary views of the nature of learning.

His early biological training—he took his doctorate at the age of
twenty-one for work on the evolution of the shellfish of Valais—indelibly
stamped Piaget’s approach to human learning. Like Dewey, he believed
that the human capacity to think and to learn was an adaptive feature: its
biological function was to aid the individual in dealing fruitfully with the
surrounding environment. And, like Kohler, he carefully studied a small
number of learners, setting ingenious little problems for them to solve, and
making careful observations of their attempts. However, he did not study
chimpanzees; he worked with young humans, particularly his own three
children whom he studied intensively from the moment of their births.
Furthermore, as a trained biologist he was comfortable with the notion
that, in living organisms, important functions are carried out by biological
structures. (Thus, the function of respiration is carried out by structures
known as lungs or gills, the function of circulation of blood is carried out
by a muscular structure, the heart, and so on.)

It is no surprise, then, that Piaget approached the function of thinking
and learning in terms of the mental or cognitive structures that make it
possible. Piaget seems to have regarded these structures as being quite
real, although they are unobservable. It is quite scientific to study unob-
servables, providing one is careful about evidence and providing that
any theories that are produced are testable by other scientists. (Recall that
physicists often postulate unobservables.)
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The Development of Cognitive Structures
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taken for granted. Absolutely everything that the computer needs to
have, either in its operating programs or in its data bank, has to be put
there—the computer scientist needs to pay painstaking attention to detail.
Similarly, if the computer was self-programming, everything it ended up
“knowing” or being able to do would have had to be constructed from
scratch. Now, there are many important things—things that are vital for
dealing with the environment—that human adults take for granted, and
most people do not realize must have been learned. Such things, for ex-
ample, as the fact that physical objects have a permanent existence and do
not cease fo exist when they are out of sight, or, to take another example,
the fact that the volume of a liquid does not alter when it is poured from
one container into another of a different shape. Young children, Piaget
discovered in a series of wonderfully striking experiments, do not know
these things. Although “object permanence” is discovered quite early by
the baby in its crib, conservation of volume, and the reversability of some
operations (quantities that can be added together can be subtracted apart),
and so on, are discovered relatively late. One of Piaget’s most convincing
demonstrations is worth describing: He took two identical balls of clay,
and asked a child if one was bigger than the other. “No.” Piaget then
rolled one of the balls into a sausage shape and repeated the question.
This time the child said the sausage was bigger. He then rolled it back into
a ball shape, to be told it now had the same amount of clay as the other
ball. Piaget found that only quite old children conserved volume and held
that the sausage and the ball were still the same.

It is only during the third developmental stage—the concrete opera-
tion’s stage, from about seven to eleven—that the child finally starts to
conceptualize these things, and only after a great deal of actual physical
experience with objects has accumulated. Piaget speaks of “logical struc-
tures” being constructed. At this stage, addition, subtraction, multiplica-
tion, and division can be done with numbers and not just with things.

Finally, its structures become close to those of the adult, and the young
learner is able to solve problems in the abstract; conceptual reasoning has
been mastered. This is the fourth stage, formal operations, from around
the age of eleven to about fourteen or fifteen.

By way of summary, consider Piaget’s words:

Actually, in order to know objects, the subject must act upon them, and there-
fore transform them: he must displace, correct, combine, take apart, and reas-
semble them. From the most elementary sensorimotor actions (such as push-
ing and pulling) to the most sophisticated intellectual operations, which are
interiorized actions, carried out mentally (e.g., joining together, putting in or-
der, putting into one-to-one correspondence), knowledge is constantly linked
with actions or operations, that is, with transformations.!
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being generally successful in judging the quantity of water in a glass us-
ing height as the key, the learner will be able to deal with it satisfactorily.
The experience will be assimilated in terms of the present structures, and
mental equilibrium will be preserved. Most likely, however, because the
learner is still learning, his or her structures will not be able to completely
handle some new experience (Piaget’s ball and sausage of clay, or the tall-
thin and short-wide containers of water). At some point there will be a loss
of equilibrium, and some change (most likely an addition) will be made to
a cognitive structure in an attempt to accommodate to the novel aspects
of the experience. Thus the learner might acquire a new concept, or a new
principle such as the principle of conservation of volume. In this way, little
by little, in a cycle of attempted assimilation leading to accommodatory
change and returning to equilibrium, more and more adequate cognitive

structures will be built up:

Intelligence, whose logical operations constitute a mobile and at the same time
permanent equilibrium between the universe and thought, is an extension and
a perfection of all adaptive processes. . . . Only intelligence, capable of all its
detours and reversals by action and by thought, tends towards an all-embrac-
ing equilibrium by aiming at the assimilation of the whole of reality.?

Once again our trusty analogy is useful. Imagine our computerized
robot let loose in a room that it has not yet completely conceptualized—it
is still in the process of perfecting its programs and data banks. Suppose,
then, that the robot detects an object in front of it, and changes direction in
order to avoid collision. So far, so good—the situation seems to have been
assimilated to the robot’s present knowledge. But suddenly, disaster! The
robot hits the object it had attempted to avoid. Its internal equilibrium is
upset, for the new direction was supposed to have prevented a collision.
Accommodation of its data bank is called for, or perhaps of one of its pro-
grams. It might not, for example, have changed its direction of motion
properly. So some change will be made (maybe its conception of the shape
of the object is adjusted), equilibrium is restored, and the robot proceeds
on its way until the next intellectual crisis. To an outside observer it may
well look like a case of common trial-and-error learning.

We can imagine that in the long run, provided that the room is not
altered, the robot will build up a perfect internal structure that never gets
thrown out of equilibrium. The robot would then have intellectually mas-
tered the problems associated with its movement around the room.

While this piece of science fiction helps to make Piaget’s theory under-
standable on one level, it also serves to highlight a number of problems—
problems the pursuit of which will push our understanding of learning

still further along, until we reach equilibrium.
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questions at the same time, and very quickly Juan found a solution to
his problem and learned a new way to deal with geometric problems.

Some Critical Issues

In the first place, there are several mysteries concerning the mechanisms

that, according to Piaget, lie behind the construction of structures. What

does it mean to say that a cognitive structure has been put out of equilib-

rium? It is clear that a physical structure—say, a model made of building

blocks, or a house of cards—can lose equilibrium, but a cognitive structure

is not physical. It cannot topple over. This is just a misleading figure of

speech. So, when Piaget asserts thata learner’s cognitive structure changes

because it is out of equilibrium, is he saying anything more than that it
is changing? And if so, then he has not explained why change occurs. (It
might be thought that Piaget could respond that the cognitive structure
changes because it does not match up with reality, but this response would
be like leaping out of the frying pan and into the fire. Who makes the
judgment that the structure does not match? Are we implying that there
is a little judge, an “homunculus,” resting in the mind, that can see both
reality and the cognitive structures and can compare them? Furthermore,
Piaget—along with many other philosophers—seems to*agree that each
of us only sees “reality” through the medium of our cognitive structures,
and so we cannot escape outside of these structures to see if they do cor-
respond with reality!)

Similar problems beset the notion of accommodation. Hasn't Piaget
again begged the question? When asked how it is we can learn a new
concept, he replies it is because we make an accommodatory change. But
what is an accommodation? Why, it is merely the adding of a new concept!
He certainly has named the process, but has he explained it?

This leads to some other serious matters. Even if they were not subject
to the criticisms above, the mechanisms postulated by Piaget are not pow-
erful enough to account for the phenomena. For Piaget has insisted that
all children, everywhere in the world, go through the same devélopmental
sequence (although he also said that the ages at which children enter and
leave the various stages will vary according to the society and the environ-
ment in which they are located). Now, when all members of a species pass
through the same stages, the mechanism involved is a powerful one; in
insects, for example, the stages of the life cycle are determined by genetic
factors—that is why all insects pass from egg to larva to pupa to adult.
But Piaget resisted saying the same thing about cognitive structures; they
develop because of equilibration and the rest. Can such a mechanism be

adequate?
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To highlight the issue here, imagine several different robots let loose
in a room. Is it at all certain that they would conceptualize it in identical
ways? What if the room were very complex, and the objects in it behaved
in intricate ways? It is not clear that all conceptualizations would be the
same. Other researchers have felt the force of this problem, and some have
decided that at least the basic parts of cognitive structures must be pre-
determined by genetics. Linguist Noam Chomsky argues this way—the
“deep structures” that govern acquisition of language by all humans are
predetermined. Still others have held that social forces are at work steer-
ing the child’s early attempts at learning (for example, parents, teachers,
language, customs, the media), and this is why children develop along
very similar paths. (All human societies, despite marked “surface” differ-
ences, work on basically similar lines, they argue. The Russians Luria and
Vygotsky were prominent supporters of this general approach to human
development, as we will see in more detail shortly.) A common criticism
of Piaget has been that he underemphasized the importance of the social
environment; he did mention it, but generally it received little attention in
most of his books.

If Piaget has not given a convincing account of how knowledge devel-
ops, then he might not have escaped the force of Plato’s problem. How
could a computer, with nothing in it, develop something? How can a child,
with no cognitive structures, start to develop them? There would be noth-
ing there, at first, that could lose its equilibrium; there would be nothing
there, at first, with which the world could be assimilated; and there would
be nothing there, at first, that would require accommodations to be made.
So, if there was nothing there, how could anything ever get there by the
mechanisms that Piaget formulated?

Finally, there have been challenges made to some of the striking data
that Piaget collected. His interviews with children, which yielded such
interesting things as the “balls of clay” demonstration, were clinical inter-
views. They were often somewhat open-ended, and Piaget felt free to vary
the procedure he was adopting in an interview, depending upon individu-
al circumstances. Recently, researchers have suggested that other explana-
tions are possible for the phenomena Piaget uncovered in this way; if very
carefully controlled and standardized procedures are adopted, they claim,
the phenomena turn out differently.

Guidelines for Educators

In the long run, it might not matter much if the details of Piaget's theory
collapse under criticism. His work will still stand as a turning point—
he showed the way to a new approach to understanding the developing
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learner. He has alerted us to a number of important things, whether or not
he got the details wrong! . -

First, after Piaget, what educator who takes teaching seriously will ig-
nore the fact that students may be developing through stages? Even more
significantly, at some stages the students might not yet have .developed
the logical or conceptual equipment to be able to tackle certain types of
problem—which is a different problem from their not having had f;he ex-
perience. The alert educator, then, will be concerned to select material that
is appropriate to the developmental stage of the learner. . ‘

Second, after Piaget, who could ignore the role played by experience in
education? A learner who has not encountered certain types of experience
may also, and as a result, lack certain fundamental concepts. The learner
might know the word, but this is not the same as having ma.stered the con-
cept. (Every male parent has been embarrassed by the evidence that his
offspring has learned the word “Daddy” but has not mastered the concept
thus, all men encountered, usually in the supermarket, are greeted with
this title!) .

Third, after Piaget, we should all be alert to the role played in learning
not only by concepts but by principles such as conservation of volume,
reversibility of logical operations, and object permanence as well as other
mental categories treated by Piaget such as cause, time, space, and num-
ber.

Finally, after Piaget, only the insensitive teacher would be unaware that,
in the course of learning, the student is not merely amassing concepts and
operations and schema, but is organizing them internally in some way.
Compare the ease of using a library that is logically laid out with one
where the volumes have been thrown together haphazardly. A successful
learner can readily retrieve what he or she has learned—a matter that will
be pursued in the following discussion. Before continuing, you may wanl:
to give some thought to “Teaching, Learning, and Stages of Development
in Chapter 10.

Constructivist Approaches to Learning After Piaget

Piaget's theory about how young learners construct their knowledge
structures has been one of the inspirations behind at least some of the
work done by members of the contemporary movement known as con-
structivism in education. Considered as a whole, this movement is very
complex, and is made up of a number of (sometimes warring and. quite
incompatible) sects. One group, the so-called social constructivists, is con-
cerned with how the public bodies of knowledge—the disciplines that
form much of the content of the school curriculum that students strug-
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gle to learn, such as science, math, history, economics and so on—have
been constructed by communities of inquirers over long periods of time.
These scholars oppose the view that knowledge is built up by isolated
individuals, and they stress that knowledge construction within the disci-
plines is a social activity. (For an outline of this view, and a picture of the
whole confusing constructivist scene, see Phillips, 1995, in the “Notes and
References” section. We shall also touch on this social form of constructiv-
ism in a later chapter.)

For our purposes in the present chapter, however, it is the psychologi-
cal constructivists whose work is most relevant. These researchers focus
upon how learning occurs in individuals and on how internal cognitive or
memory or knowledge structures are built up or constructed. Some if not
all of the figures we shall discuss in the next two chapters can be regarded
as constructivists in this sense. But a particularly influential line of work
that has been greatly inspired by Piaget is being carried out in the fields
of science and mathematics education. One of the psychological construc-
tivists working here, Ernst von Glasersfeld, is quite eclectic and seems to
have been influenced by empiricist philosophers such as John Locke in
addition to Piaget and the Continental philosopher Immanuel Kant. Von
Clasersfeld refers to himself as a “radical constructivist.”

In brief, von Glasersfeld argues that the individual learner is 1ot the
recipient of knowledge that is pressed onto his or her consciousness by
some “external reality.” In this regard he differs markedly from Locke and
also from Plato. But, similarly to Locke, he seems to hold the view that
each individual is only in “contact” with the impressions (or stimuli or
experiences) that are received via the sense organs. Thus the task for the
learner is to construct a body of knowledge on the basis of these sense
impressions, knowledge that will help the individual to adapt to the envi-
ronment in which he or she is situated. One of the controversial “twists”
that von Glasersfeld gives to this basic story is that he asserts that we have
no grounds for believing in any form of “external reality”—each one of
us seems to subjectively construct a functionally adequate set of beliefs,
but these cannot be held to “objectively represent” whatever reality exists
external to our cognitive apparatus! (Here von Glasersfeld seems indebted
to Kant, who referred to this “external realm” as the realm of “things in
themselves” or “noumena”—which are unknowable.)

Nor can we suppose, according to von Glasersfeld, that other indi-
viduals construct structures that in any way resemble our own; teachers
cannot assume that the “understandings” of their students resemble their
own. It might even follow, from this position, that each of us has no solid
grounds for believing that other individuals exist—after all, you might
merely be a “construction” that my mind has made!* On the other hand,

i vl 1
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Piaget believed that the knowledge constructed by all individu‘alsl has the_
same structural features, and the reason we make the same or similar con
structions is because we are dealing with the same Feahty. -

Some of these complexities emerge in the followmg passage wn-tten y
von Glasersfeld as part of the introduction to a collection of essays:

The notion that knowledge is'the result of a learner_’s activity rather thar? t}:at‘
of the passive reception of information or instrucjlon, goes.bfclck Io Sograr;e:
and is today embraced by all who call themselves construch\trlsts. lHowexth ;
the authors whose work is collected here, constitute the radllc:al wing of the
constructivist front. . .. This attitude is characterized t?y the dghberate reéjEFT"l_
tion of the concept of knowledge as an adaptive function. In simple Wolr s, this
means that the results of our cognitive efforts have the purpose of he pm}% us
cope in the world of experience, rather thgn thg tra(gltu.mﬁl goal ofi furnis al_zcgl
an objective representation of a world as it might “exist” apart from us

our experience.’?

What would a constructivist teacher be like? This is not a simple ques-
tion to answer definitively, and in the literature there are hundreds. 05
references to this topic. Furthermore, as von Glasers.feld stresses, radica
constructivism does not entail that there is only one right way to teach, so

it cannot

produce a fixed teaching procedure.... As [ have often said, confjh’ucFivigm
cannot tell teachers new things to do, but it may suggist why certain attitudes
and procedures are fruitless or counter-productive....

This point is well taken, but nevertheless we think thf.are are strong
grounds for claiming that a good constructivist teacher will be_ md1st1}r11—
guishable from a good progressive educator who vyorks acszordmg tot g
principles put forward by John Dewey. Studentg will be actwe}y engagih
with interesting and relevant problems; they Wﬂ.l be. able. to discuss V\I:
each other and with the teacher; they will be active inquirers rather than
passive; they will have adequate time to reflect; they will have opportt}tm—
ties to test or evaluate the knowledge that they have constructed; and they
will reflect seriously about the constructions produced by other students

the teacher” .
andl:?; easy to see the similarities between Piagetand the radlca.l con;tr:l;—
tivists. Among other things, they share a common concern ‘w1th] ;\, at is
happening in the adaptive cognitive apparatus of each mdmdga ez;ur?ueri
As we shall see in the next chapter, however, there f:lre strong mt'ellecl a
currents in the contemporary world that move us in a more social direc-

tion.



